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Item: The long-awaited DdEjg Engineers
Manual has now been published and is
available from NTIS. This document
describes the engineering basis of the
program. It contains detailed
descriptions and derivations of the
algorithms used to perform the program
calculations. The order naumber (s
DEE3-004575 and the cost is $59.50,

“' ltem: The next version of the program, DOE-
2.1B, is nearing completion at NESC,
and is expected to be released next
ceonth.,  The DOE-2 Supplement will con-
tain the documentation for wsing the
new features and it, together with an
updated BDL Summary, will be published
concurrently with the releassa of the
tape.

Item: The University of California, through

the Continuing Education in Engineer-
ing, Universicy Extension, is offering
a2 three-day intensive course, “Build-
ing Energy Performance Analysis Using
the DOE-2 Computer Program” on July 19
through 21, 1983, en the Berkeley
campus. The course ies being taught by
James J. Hirsch and Fred Buhl, LBL,
twe of the principal authors of the
program., It will cover the BEDL input
language, present overviews of the
simulation techniques and program
capabilities, and will include discus-
sions of the new features in the 2.1B
version of the code. Reglstration is
limited and advance enrollment {s
required. The fee is $£595, and 1If you
use Visa or MasterCard, you may enroll

by phone. For more information, call
or write Dept. B, U Extension, 2223
Fulton Street, Berkeley, Ca 54720,

(415) 6al-411l.

ELECTRICAL GENERATION STRATEGIES

Renewed interest in cogeneration and the
on-site production of electricity has prompted
the development of lmprovements to the eleccr-
ical generation sections in the PLANT subpro-
gram of DOE-2. This interest has been stimu-~
lated primarily by the cost of purchased uril-
leides burt has been reinforced greatly by
changes 1in regulatory actitudes toward grid-
interconnecticn by small power producers. As
a result of these changes, porential small
producers have been accorded a substantial
degree of flexibility in the design and opera-
tion of their systems. To reflect this chang-
ing need in the user community, new operating
strategies for the generation of electricity
are being introduced inte the program, and the
gsimulations of the generating equipoent are
being modified.

In particular, the passage of the Public
Utilities Regulatory Pallcy Act {PLRPA)
removed the old constraint that cogeneration
¢r on-site power production facilities usually
had to leave the electricity grid entirely.
DOE-2.1A reflected the effect of this con-
straint 1m that electrical eguipment was
scheduled to sarisfy just the electrical load
passed "down" to it from LOADS, SYSTEMS, and
the cocling portions of PLANT (ro the extent
that sufficient generating capacity had been
specified). Under the new law, however, the
electrical demands of the facility are less of
an over-riding concern, and other considera-
tions can enter into the designer”s evaluaticon
of a system. For example, a high price offer
by the utility for elecrricity bought from the
small producer increases the incentive o max-—
loize electricity production. Conversely, a
low price for sales to the utility increases
the need to maximize the use of the recoversd
heat in a cogeneration system,

Wnen completed, DOE-2 will bte able to
simularte all of the cogeneration operating
strategies that interconnection with an elec-

tricicy grid now permits. These strategies
are: tracking electrical demands, runaning
full-out, tracking thermal demands, switching

between these modes of operation, and not run~
ning at all. The new capabilitles are being
phased into DOE-2 sequentially.

Currently, DOE-2.1B has the capability to
run electricity generating machines at full
tapacity, where the fuel-efflciency of <the
machines is typically at {ts highest. This
option can be epecified through the use of a
new keyword in the PLANT-PARAMETERS command or
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can be scheduled with the traditional LOAD=-
ASSIGNMENT and LOAD-MANAGEMENT commands using
a very simple modificarion., Along with this
capability is a shorthand method for calcular—
ing the quantity of electricicty sold to the
utility. Both of these features are described
in the upcoming DOE-2 Supplement.

For DQE-2Z.1C, work is in progress to per-
wit the siculation of a cogeneration system
that can track the thermal demands of a facil-
ity, can choose to follow the greater/lesser
of the thermal or electrical lcads, or not run
at all.

The basic idea underlying the revisions 1is
the explicit recognition rthat reciprecating
englnes, gas turbines, and steam turbines are
all heat engines that, in principle, can be
contrelled to satisfy either a thermal or

electrical lead. That {s, in simulating the
performance of equipment, PLANT treats one
productive ocutput of the energy conversion

processes of these prime zjovers as the input
to an equipment simulacion and, along with
design information about the machines, calcu-
lates the other productive outputs and
required {nputs. Currently, only the electri-
cal output of the machines zan be the control-
ling {nput. Hence, at the heart of the new
work is the revision of che equipment simula=-
tions so that the machines can operate to meet
either a thermal or electrical load.

An addiciomal benefit of the new equipment
simularion structure will be greater ease In
translating manufacturer”s data Into inputs
for use 1in simulating such equipwent. It
should be noted too that rewerking the simula-
tions has been accompanied by revisions to the

default performance curve cgefficlents. These
new coefficients are being taken from readily
documented sources, e.g. ICES Technology
Evajluacions.

Along with the new equipment simulations,
the algorithms for allecating loads to the
equipment, by default or by user impput are
being modified. Although, {n effect, these
algorithms will be allocating thermal demands
to reciprocating engines or gas turbines, the
user will continue ro make a LOAD-ASSIGNMENT
on the basis of an electrical LOAD-RANGE. The
apportunity to refine the load allocation
algorichms will also result {n a more accurate
calculation of the extra fuel required for an
electrical generator so that the electrical
output driving a compression chiller plus the
thermal output rtunning an abscrption chiller
just match the cooling demand.

The cempletion of the revisions to electr-
ical generation sections of PLANT will greacly
inerease the powver of DOE-2 to simulate the
innovative cogeneration systems being contem-—
plated for application {n dulldings. Commencs
or questlons concerning these new capabilicies
are encoursged, as they will alloew us to antl-
cipate the present and future needs of the
user community.

Locking even farther ahead, the final step
in assessing cogeneration projects, indeed,
all energy projects — the derermination of
the economic worth of tha systems — will also
be addressed in DOE-2.1C when we implement new
capabilities for handling the myriad of util-
ity rate structures, for both the purchase and
sale of electricity, that are in use today.

NEWS FROM FRANCE

dany of our U.5. users might not realize
how international DOE-2 has become. We have
contact with users all over the world, but our
friends, che RAMSES Group, at the Laboratoire
de 1°Accelérateur Lindaire, Universitd Paris-
Sud, {n Orsay, France, are not only running the
program but are very active in code development
as well. In fact, the metric conversion,
available in DOE=2.1B, i{s a result of thelr
collaboration with us,

They are presently developing new code to
sizvlate low temperature (™ 95°F/359C) radiant
panels. Thelr code requires additional weight-
ing factors to sizulate the actual radiant
effects on Iinterise surfaces and on furniture,
as well as to represent the delay in the
conversion of absorbed heat ints convective
gains to the space. At the present time, it is
not possible to change the radiant surface cem-

perature via user input.

Also, the ratlo of

convective/radiant hear off the panel is con-

sidered

to he constant. Check the first item

in the Heat Exchanger, page 5, for a discussion
on modelling a radiant panel system using the
U.5. version of the program.

Cur own group cember, Dr. Fred Winkelmann,

is on a year’s leave of absence working with

the RAMSES Group in France.
developing

He 1s pressntly
coede for acttached sunspaces. He

tells us chat the RAMSES Group has also started
wortk on new code for fan-forced circulation of
Trombe walls {(a basic Trombe wall is now avail-
able in 2.1B). We can make no promises an the
schedule for when these French features will be
incorporated inte our U.5. version of DOE-2,
but do expect to add at least low temperature
radiant panels in eicher 2.1C or D.

C
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THE SKY SIMULATOR AT LBL

Lightfng accounts for about 20% of the ing uniform sky, ClE overcast and CIE clear skv
toral electricity consusption im the United distributions. Other advantages of the artifi-
States. Using natural lighting {s a cost- clal sky, iIn addition to its reproducibility,

effective way to reduce this consumption, and include the abllity to separate the direct
at the same time, enhance the quality of the illuminance from the sun from the diffuse sky

indoor environment. To successfully integrate distributien, and the control of ground-
daylighting as an energy-conserving strategy reflected light.

into the design process, the designer must have
available appropriate tools to determine levels Vallidation studies of the new daylighting
of interior daylight for different building simplation in DOE-2.1B have been carried out,

configurations and orientaticns. Traditien- in conjunction with the SUPERLITE progran,
ally, model tests conducted out of doors have against an extensive series of measurements
provided the practical data for most design wade in scale models in the sky simulatar.
decisiens, With the advent, however, of the Good agreement was found gmong the three

new generation of energy efficlent buildings, methods as illustrated below.”™ SUPERLITE s 3
often incorporating a multitude of innovative very detailed main-frame program that predicts
and complex daylighting schemes, it becomes the spacial distribution of i1lluminance {n a
important to be able to reproduce sky condi- building. SUPERLITE and the sky simulator are
tions for comparative measurement purposes in a now being used to develop the next generation
way that Mother Nature cannot provide — the daylighting algorithms for DOE-2. These algoe-
sky 15 a constantly changing light source and rithms will be able to simulate the perforzance
no two dsys are ever exactly alike. If detailed of the more complex daylighting designs being
and accurate comparisons are needed between two utilized in current practice.
or more alternative design strategies, a con-
stant and reproducible “sky” is required for Glven the value of this facility for design
model testing. studies, computer model validation, and light-
ing quality studies, the sky simulator, located
For this and other reasons, ressarchers at an the Berkeley campus, will be made available
Lawvrence Berkeley Laboratory have recently for teaching purposes and to assist design
developed a sky simulator — a4 dome-shaped firms in evaluvating building design concepts.
enclosure 24 feet in diameter, within which With the informarion provided by cthese design
scale-model buildings, up to b feer across (or tools, sky simulator and computer programs
4 by 4 by 4), can be placed.+ The sigulater, alike, scientists and designers will be better
which has a high-reflectance white interior able to predict the potentlal electrical energy
surface 1lluminated by banks of high-osutpur savings which maximize the useful role of dav-
fluorescent lamps, is equipped with a lighting light wvhile pinimizing adverse effects such as
contrel system that allows easy conversion {rom glare and excessive heat gain from sunlighrt.

one simulated sky conditlon to another includ-

Daylight Factor (percent)
60 +

Small Cffice Comparison

2.7 m
€ Work plane (0.8 m)

40+ CIE

Clear Sky

............... we-re DOE-2 Predictions

201 wmm——mww=s SUPERLITE Predictions

——  Sky Simulatar Measutrements

. . .5 3.0 3.5 4,0
! ' ! R } +
Distance (meters)

ts. Selkowitz, “A Hemispherical Sky Simulator for Daylighting Model Studies”, Proceedings of the
6th Natioral Passive Solar Conference, J. Hayes and W. Kolar, eds, 1982, pp. 850-854, and LBL-12286
{and LBL-12967, abridged}, July 1981.

-

T s, selkowitz, J.J. Kim, M. Navvab, and F.C. Winkelmann, "The DOE-2 and SUPERLITE Daylighting Pro-
grams , Proceedings of PASSIVE "B2; The Netional Pasaive Solar Conference, Knoxville, TN, August 29

- September 3, 1982 and LBL-14563, (June 1982).
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MORE ABQUT SCHEDULES

In the last issue of the newsletter (Febru-

ary 1983), we presented scme of the shortcuts
that can be taken {n the preparation of
schedules. We will now discuss how schedules

are used in the program; many of these 1issues
are presented {n the Reference Manual, but not
in the unified manner attempted here.

Not =many wusers have difficulties witrh
schedules in the LOADS section of the program.
However, it should be re-iterated that all of
the internal gafn schedules in SPACE-CONDITIONS
command default to always "off". Therefore 1if
one inputs both NUMBER-OF-FECFLE 10 and
PEQOPLE-HEAT=-GAIN = 450, but falls to f{nput a
PEOPLE-SCHEDULE, the sensible and latent gains
of pecple i3 never calculated. Identical prob-
lezs will occur with ambilent lighting, task
lighting, equipment, and source gains whenever
thelr schedules are omitted.

There 1is one exception to the above,
Infileration, which is input through the key-
word INF-METHOD, defaults to alwavs “on” rather
than "off”. Most users make the INF-S5CHEDULE a
airror image of the FAN-SCREDULE input in SY¥S5-
TEMS as it is generally agreed that a bullding
{s pressurized when the fans are on. There-
fore, these two schedules might appear as fol-
lows:

In LOADS

BLDG-INFIL = SCHEDULE THRU DEC 31 (ALL)
(1.7) (1) (8,18) (0) (1%,24) (1) .

.

In SYSTEMS
FANS-ON = SCHEDULE THRU DEC 231 (ALL)
(1,7) (0) (8,18) (1} (19,24) (O)

There are instances where the user may wish
t> deviate from the above. One example i3 an
sntrance where the infiltration might be hetter
represented as a function of people traffic.
4n example for an office building mighe bae:

RY-INFIL = SCHEDULE THRU DEC 31 (ALL)
(1.8 {.1) (97 (1) (10,12) (.2)
(L2) (1) (14,16) (.2) (17,18) (-8
(19,26) (.1) ..

Ancther example 1s a loading dock for a

warehouse or factory where the infiltration is
zore a functicn of materials traffie., For a

spall bank or store one could even assign the
sanme schedule to both people and infiletration.

In general, SYSTEMS schadules defaule to
always “on”. These schedules appear to cause
zore problems for users. FAN-SCHEDULEs are in
themselves no problem, but some users assign
the same values to the HEATING-SCHEDULE and
COCLING-SCHEDULE when there is no need to deo so
since the program does not calculate a heating
or coeling «coil leoad wunless the fan is
scheduled "on”. The real purpose of HEATING-
and COQLING-SCHEDULEs 1is to lock out the avai-~
labilicy of the coil ctransfer media on 2 calen-
dar tasis. This BSYSTEMS information in turn
controls the operating periods of boillers and
chillers in PLANT. A new feature in DDE-2.1B

o

-4=

will allow the user to control the availabilicy
of heating and cooling as a function of outside
dry-bulb temperature heating on hbelow the
serpoint, cooling on above the setpoint. an
example of these schedules and their input {s:

REAT-ON = SCH THRU DEC 31 (ALL) (1,24) (85)
COOL-ON = SCH THRU DEC 31 (ALL} (1,24) (55) ..

HEAT~ and COQL-RESET~SCHs seem to cause few
problema, except that people sometimes forget
that the DAY-RESET-S5CH must be explicicly fnput
since reset schedules cannot be nested. The
reascn for this is that the keyword SUPPLY=HI,
CUTSIDE-HI, ete., are not legitimate keywords
in any conmand except DAY-RESET-SCH. The real
protiem is the confusion between the use of
reset schedules and HEAT- and COOL-SET-SCHs.
The reset schedules are used roc reset a med{um
as a function of outside air temperature ({.e.,
magter, submaster, pneumatic controllers). The
HEAT- and COOL-SET-SCHs are used to represent
manual reset of media controllers ({i.s., set-
ting supply air temperatures at 55°F in summer
and 65°F in winter through an EMCS).

The HEAT~ and COOL-TEMP-SCHs
represent the zone thermostat setpoints for
heating and cooling. Whenever the values
between the heating setpoint and cooling set-—
point are greater than the throttling range,
the user 1s {nputting a deadband. Some system

are used to

types require that the user input only one
type, HEAT- or COOL-TEMP-SCH; but no hamn is
ever done {f both are input. However, if one

fails to input the schedule that 1s required,
the defaulc will cause there to be no active
contrel. When Inputting these schedules, think
of what you do with your own residential ther-
mostat. If you have a 365-day prograzmable
thermestat that has been programmed for a set~
back of 65°F at 10 PM and back to 72°F at & aM,
weekdays, but different on weekends, the
schedule might be {nput as fellows:

DAILY-SETPT = WEEK-SCHEDULE (WD) (1,6} (65}
(7,22) (72) (23,24) (65}
(WER) {1,10) (63) (11,24} (72}
HEAT-SETPT = SCH THRU MAY 15 DAILY-3SETPT
THRU OCT 15 (ALL) (1,24) (55
THRU DEC 31 DAILY-SETPT
If you set the thermostat manually,
change the times to sult your work and weekend
habits, the schedules might lock like this:

HEAT-SETPT = SCH THRU DEC 31 (WD) (L.7) (63)
(B) (72) (9.17) (70) (18,22) (75)
(23,24) (65) 5 WEEKDAY §
(SAT) (1,24) {65) § GONE FISHING §
(SUN) (1.9) (65) (10,22} (74)
(23,24) {65) § SLEEP
(HOL) (1,8) (65) {9.13) (74)
{14,24) (65) $ VISITING §

wut

I

HEAT-ON = SCH THRU MAY 15 (ALL) (1,24) (1}
THRUD OCT 15 (ALL) (1,24) (0}
THRU DEC 31 (AL} (1,24) (i)
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TRE HEAT EXCHANGER

This section is devoted to questions from users and responses from the Building Energy Simula-
tion group and its consultants. Your questions and comments are most welcome,

We have accumulated 2 number of questions concerning system modelling problems and therefore

Question:

Answer:

Question:

Answer:

¢

fuestion:

ANSwer:

Question:

Answer:

ate devoting this issue to them.

&k k & &

Can DOE-2 model a Radiant Panel Heating and Cocling system?

This question has come up several times recently. Some users have appreoached the prob-
lez using the Four Pipe Inductifon System (FPIU), by secting the INDUCTION-RATIO = 1.0
and COOL-CONTROL = WARMEST. This {8 a reasonable approach because che simulation of
the inductien system considers only sensible hearing and cocling ocecurring at the cter-
minal. It 18 true that radiant effects are not modelled, but since panel systems
operate at such small temperature differences between the space and the panel, the
energy 1ls nearly the same as if {t were all convective. All molsture removal and vern-
tilation of the space 1s modelled as being performed by the primary air systew. The
user should, of course, assign the correct air flow to each space. (A low temperature
radiant panel system is planned for incorporation in DOE-2.1C or D.)

® k% & &

When inputting a restaurant, how can I meodel a kitchen exhaust and heat recovery svs-
tem?

The problem In this case is5 to get the heat from the stoves, ovens and fryers directly
intoa the exhaust air so that you can truly model the elevated temperature of the
exhaust air. OQne approach that has been used is that of a PLENIM to represent an
exhaust hood. Using the SOURCE-TYPE, SOURCE-BIU/HR, and SQURCE-SCHEDULE keywords, this
heat is agsigned to the PLENIM (which 1s modelled &8s a rerurn plenum with a return
fan). Then, with the RECOVERY-EFF keyword, a heat exchange can be specified between
the return {(read “exhaust”) and outside air. The best system types for thils problex

are either 52RH for heating only of make-air, with a COOLING-SCREDULE to leck out cool-
ing, or PSZ for a rocfrop air unit with both heating and cooling.

We hope that in some future version of the program you will alsa be able to model an
evaporative cooler for the make-up air unit.

® &k k % %

How can you model an glder building that has steam radiation and no ventilation?

Again, one can make an approach te this problem, but DOE-2 canncot really model radia-
tors or their radiant effect. One has to be satisfied with convective heat using base-
boards, but in order te de this, a dummy system like the Unit Heater (UHT} is needed.
Assign a small value like 10 CFM per space and a SUPPLY-KW of 0.0. If the radiators
have no contrels other than of helding constant, or variable steam pressures, use
BASEBOARD-CTRL = OUTDOOR-RESET., If the radiators have automatic control valves, use
BASEBOARD-CTRL = THERMOSTATIC.

* k A &

Many older school and laboratory buildings have a central ventilation make-up air sys-
tem with steam radiators. How do I handle them?

Instead of using a dumpy system ag suggested above, use & SYSTEM-TYPE = HVSYS and an
ASSIGNED-CFM for the correct gquantity of ventilation air for each space. Norzally
these older systems were controlled at a set supply air temperature like B59F year-
around. GSometimes they were reset for 60°F in spring and fall, and 759F in vinter o
prevent cold drafts, but all of the space heating was accomplished by the radiatisn
system. We would discourage the use of HEAT-CONTROL = CCLDEST as this keyword vaiue
specifies control of an air heating system — which wae not usvally the dasign concept
of the central ventilation system.
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Question:

Answar:

How about a school auditorium or c¢lassroom with heating/cooling unit ventilators?

In this case the best SYSTEM-TYPE is SZRH, eliminating the option for subzone reheat.
Since SIRH is not a zonal system, you need to input aultiple systems with all class-
rooms on a typical exposure lumped into a single zone. If the unit ventilators are
packaged DX units with electric heating -3ils, use PSZ instead of SZRH, with HEAT-
SOLRCE = ELECTRIC. You can 4alsc have baseboard radiatien with these units, as =any

schools were designed this way.

& & W oW i

DOE-2 COMPUTER SERVICE BUREADS — UPDATE

Some names and numbers have changed in the list of service bureaus that offer DGE-2 to the
private sector {see the Reference Manual, page viii), We also wish to remind users that, in addi-
tion to the UC Extension intensive course described in the Bulletin Board, these firms alse conduct
DOE-2 training courses, sometimes on a regional basis, and that those interested in up-coming pro-
grams should contact the central offices listed below.

LOCATION

Califarnia
Jerkeley Selar Group
3140 Grove St.
Berkeley, CA 94703

Colorado

Martin-Marietta Data Systems
P.0. Box 179

Mail Stop 14100

Jenver, COQ 80201

Kansas
inited Computing Systems, Inc.
P.O. Box 8551
Kansas City, K5 64114

¥assachusetts
University of Massachuserts
Jerpartment of Mechanical ESngineering
Azherst, MA 71003

Michigan
Alrflow Science Corporation/BACS, Inc

37461 Scheclcrafr Rd.
Livonia, MI 48150

Missouri

Mclonnell-Douglas Automation Co.
P.0. Box 516, Dept. K-242

St. Louis, MO 63166

o Engineering Services, MC ¥20-2
53 Garden Grove Blvd.
stoinster, CA 92683

c/
33
we
Texas

Cvbernet User Service
Corntroal Data Carporation
14801 Nuorum Drive
Dallas, TX 75240
Virginia

dabcock & Wilcox

P.0. Box 1260
Lynchburg, VA 24905

3ceing Computer Services Co.
7980 Callows Court
Yienna, VA 22180

CONTACT

Maggle Boyce
{415) 843-7600

Allan Cheuvront
(303) 740-3012

{913) 341-9161

Prof. Lawrence L. Ambs
{University and lccal
government clients onl¥)

James C. Paul

{313} 464-B900
{Michigan area cnly)

Don Buford (East Coast)
{314) 232-8572
or

Gerald Howell (West Coast}
(714) 952-6152

Michael D. Tuttle
{214) 385-5302

Paul Henuingsen
(BC4)Y 3185-2209

Brian Alberts
(703) 827-4349



